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(54) MANUFACTURING METHOD OF GROUP m NITRIDE COMPOUND SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of separating a group III 
nitride compound semiconductor element, in which there are few element 
cracks and fragments and which has excellent yield. 
SOLUTION: The group HI nitride compound semiconductor layers in a 
plurality of layers are formed on a substrate 1s, and elements are formed 
and electrodes are formed, (a) The state in which only an electrode forming 
layer on the side near to the substrate is left by an etching or a dicing by a 
dicer on an isolation line (the two group III nitride compound semiconductor 
layers 2n and 3p are represented.) or the state in which there is no III 
nitride compound semicoductor layer on the isolation line are formed, (b) A 
protective film 4 is formed on the whole surface, and (c) an isolation groove 
5 is formed to the substrate 1s by a laser, (d) The protective film 4 is 
removed together with a reactant by the laser, and (e) the rear of the 
substrate 1s is polished and the substrate 1s is thinned, (f) A rear groove 6 
is formed so as to correspond to the lattice frame-shaped isolation line of 
the rear of the substrate 1s, and (g) separate element is isolated along the 
isolation line. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

In the manufacture approach which separates 3 group nitride system compound semiconductor element formed on the 
substrate, and is used as each 3 group nitride system compound semiconductor element, 

The semi-conductor layer removal process made into the condition that only the electrode formative layer of a side with 3 
group nitride system compound semiconductor layer near said substrate on a separation line was left behind, or the 
condition that there is no 3 group nitride system compound semiconductor layer on a separation line, 
The protective coat formation process which forms a wrap and a protective coat removable at a next process for a 
substrate front-face side layer. 

The laser scan process which scans a laser beam along with a separation line, and forms a separation slot, 
It has removal processes, such as a protective coat which removes the discard produced by said protective coat and laser- 
beam scan, 

The manufacture approach of 3 group nitride system compound semiconductor element characterized by separating a 
substrate for every component using the separation slot formed of the scan of a laser beam along with the separation line, 
and considering as each 3 group nitride system compound semiconductor element. 
[Claim 2] 

Said semi-conductor layer removal process is the manufacture approach of 3 group nitride system compound 
semiconductor element according to claim 1 characterized by being carried out according to the electrode formation 
etching process at which the electrode formation section of the electrode formative layer of the side near said substrate is 
exposed by etching. 
[Claim 3] 

Said semi-conductor layer removal process is the manufacture approach of 3 group nitride system compound 
semiconductor element according to claim 1 characterized by removing by dicing to the part by the side of the electrode 
formative layer of said substrate on a separation line. 
[Claim 4] 

The manufacture approach of 3 group nitride system compound semiconductor element given in any 1 term of claim 1 
characterized by forming a rear-face slot in a substrate rear face so that it may correspond to said separation slot after 
removal processes, such as said protective coat, thru/or claim 3. 
[Claim 5] 

The manufacture approach of 3 group nitride system compound semiconductor element given in any 1 term of claim 1 
characterized by carrying out the thinning of the substrate by polish from a rear face after removal processes, such as said 
protective coat, and only for the separation slot formed in the substrate front face separating a substrate for every 
component, and considering as each 3 group nitride system compound semiconductor element thru/or claim 3. 
[Claim 6] 

The manufacture approach of 3 group nitride system compound semiconductor element given in any 1 term of claim 1 
characterized by forming a rear-face slot in a substrate rear face so that it may correspond to said separation slot after 
carrying out the thinning of the substrate by polish from a rear face after removal processes, such as said protective coat, 
thru/or claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacture approach of 3 group nitride system compound semiconductor element formed on 
the substrate. Especially this invention separates 3 group nitride system compound semiconductor formed on the substrate 
with an easily and sufficient step stop, and relates to the production process for obtaining each 3 group nitride system 
compound semiconductor element. 
[0002] 

[Description of the Prior Art] 

In manufacture of 3 group nitride system compound semiconductor element, for example, manufacture of blue LED etc., 
sapphire, a spinel, etc. are used as a substrate. In case these divide a wafer in order to divide into each component 3 group 
nitride system compound semiconductor wafer formed on the substrate since processing was not easy unlike silicon or a 
gallium arsenide, unlike other semiconductor devices, difficulty is accompanied by them. 
[0003] 

For example, the separation slot which reaches a depth of about 10 micrometers from a removal or substrate front-face 
side in a part of 3 group nitride system compound semiconductor layer on a separation line was formed by the dicer [ side / 
component forming face ] using a diamond blade (the so-called half cutting), and it was carrying out forming and carrying 
out roller breaking of the shallow rear-face slot to a rear face with a scriber etc. Under the present circumstances, after 
grinding the rear face and making a wafer with a thickness of 300 micrometers into about 100 micrometers in thickness 
after component formation, the rear-face slot was formed in many cases. Consequently, there were many what carried out 
the method of a crack which does not function as a component on the occasion of separation (component crack), and 
things which what a part of periphery is missing and it is hard to accept to be a normal article (KAKE) produces about 5%. 
When setting to 10 micrometers the separation depth of flute which reaches the substrate by the dicer, 20-30 micrometers 
is required for the width of face. Although the fault resulting from the method of a crack of a substrate will be reduced on 
the other hand if the depth from a substrate front face is enlarged, width of face also must be expanded to make it still 
deeper. Saying that width of face required for separation is enlarged means reducing the number of the semiconductor 
device obtained from one wafer. Furthermore, although the time amount and conditioning of rear-face polish must be 
changed as opposed to the wafer of different thickness, it is a very complicated activity accompanied by trial-and-error. By 
the way, although the various proposals (patent No. 3230572 etc.) of what forms a separation slot by the laser beam are 
made, it has not resulted in utilization in manufacture of 3 group nitride system compound semiconductor element. 
[0004] 

[Problem(s) to be Solved by the Invention] 

Only in only forming a separation slot by the laser beam, slot formation of laser is melting, evaporation, and a chemical 
reaction, and a reactant pollutes a component side as discard. Moreover, the short circuit path which is not desirable is 
formed, a component property will be spoiled remarkably or the fused semi-conductor will become the separation approach 
with very few accepted products depending on the case. 
[0005] 

This invention is completed based on the above-mentioned examination result, a substrate is separated with an easily and 

sufficient step stop, and it aims at obtaining each 3 group nitride system compound semiconductor element. 

[0006] 

[Means for Solving the Problem] 

In the manufacture approach which according to the means according to claim 1 separates 3 group nitride system 
compound semiconductor formed on the substrate, and is used as each 3 group nitride system compound semiconductor 
element in order to solve the above-mentioned technical problem The semi-conductor layer removal process made into the 
condition that only the electrode formative layer of a side with 3 group nitride system compound semiconductor layer near 
a substrate on a separation line was left behind, or the condition that there is no 3 group nitride system compound 
semiconductor layer on a separation line, The protective coat formation process which forms a wrap and a protective coat 
removable at a next process for a substrate front-face side layer, The laser scan process which scans a laser beam along 
with a separation line, and forms a separation slot, It is characterized by having removal processes, such as a protective 
coat which removes the discard produced by the protective coat and laser-beam scan, separating a substrate for every 
component using the separation slot formed of the scan of a laser beam along with the separation line, and considering as 
each 3 group nitride system compound semiconductor element. A separation line means the grid frame-like line at the time 
of seeing the separation side (however, perpendicular to a substrate or a wafer side) of the ideal for separating all 3 group 
nitride system compound semiconductor elements separately from a wafer from a substrate, wafer front-face, or rear-face 
side here. 
[0007] 

Moreover, a means according to claim 2 is characterized by performing a semi-conductor layer removal process according 
to the electrode formation etching process at which the electrode formation section of the electrode formative layer of the 
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side near a substrate is exposed by etching. Moreover, a means according to claim 3 is characterized by a semi-conductor 
layer removal process removing even the part by the side of the electrode formative layer of the substrate on a separation 
line by dicing. 
[0008] 

Moreover, a means according to claim 4 is characterized by forming a rear-face slot in a substrate rear face so that it may 
correspond to a separation slot after removal processes, such as a protective coat. Moreover, a means according to claim 5 
is characterized by carrying out the thinning of the substrate by polish from a rear face after removal processes, such as a 
protective coat, and only for the separation slot formed in the substrate front face separating a substrate for every 
component, and considering as each 3 group nitride system compound semiconductor element. Moreover, after it carried 
out these with combination and it carries out the thinning of the substrate by polish from a rear face, a means according to 
claim 6 is characterized by forming a rear-face slot in a substrate rear face so that it may correspond to the already 
formed separation slot. 
[0009] 

[Function and Effect(s) of the Invention] 

It can prevent that the melt by the laser scan of 3 group nitride system compound semiconductor layer and a reactant 
produce a short circuit between the layers which should contact a respectively different electrode by considering as the 
condition that only the electrode formative layer of a side with 3 group nitride system compound semiconductor layer near 
a substrate on a separation line was left behind, or the condition that there is no 3 group nitride system compound 
semiconductor layer on a separation line. Moreover, it can prevent that the melt of the substrate produced by laser scan or 
3 group nitride system compound semiconductor layer and a reactant adhere to a semiconductor device by forming a 
protective coat. It can prevent producing a short circuit between the layers which should contact a polar electrode which is 
respectively different especially. Thus, without producing fault in the electrical property of 3 group nitride system compound 
semiconductor element etc., width of face is fixed, is thin, and can form a deep separation slot. That is, adjustment of the 
separation depth of flute is enabled by the scan speed or the count of multiplex, and the separation slot of the depth 
according to a deep separation slot and the thickness of a wafer with fixed width of face, or the curvature of a wafer can be 
formed easily. Moreover, on the occasion of formation of the deep separation slot concerned, exfoliation of 3 group nitride 
system compound semiconductor layer and a substrate does not arise. The blades and pure water which are an article of 
consumption required for formation of the separation slot of the same depth can be reduced, and a manufacturing cost can 
be held down. Laser with a beam diameter of 20 micrometers or less is available, and it can do more narrowly than the 
width of face of the separation slot produced in dicing in the case of formation of the separation slot of the same depth, for 
example, spacing of a luminescence side can already be set to 60 micrometers or less in a light emitting device now (ciaim 
1). 

[001 0] 

Before forming a separation slot, if other electrode layers on a separation line are removed, it is not necessary to establish 
independently the semi-conductor layer removal process for preventing the short circuit between different layers by laser 
scan, and a routing can be shortened according to the electrode formation etching process at which the electrode 
formation section of the electrode formative layer of the side near a substrate is exposed by etching (claim 2). Moreover, if 
dicing removes even the part by the side of the electrode formative layer of a substrate at least, it is possible to delete a 
substrate surface in the desired depth by conditioning (claim 3). 
[0011] 

Along with a separation line, a separation side can be certainly formed in a substrate rear face by forming a rear-face slot 
so that it may correspond to a separation slot (claim 4). Moreover, if the thinning of the substrate is carried out by polish 
from a rear face, it is also possible only for the separation slot formed in the substrate front face to separate a substrate 
for every component easily, and to consider as each 3 group nitride system compound semiconductor element (claim 5). If a 
rear-face slot is formed in a substrate rear face so that it may correspond to the already formed separation slot after 
carrying out the thinning of the substrate by polish from a rear face combining these, a substrate can be more certainly 
separated for every component, it can consider as each 3 group nitride system compound semiconductor element, and 
formation of the front-face side separation slot by laser scan can also make a laser scan quick shallowly (claim 6). 
[001 2] 

[Embodiment of the Invention] 

Hereafter, the gestalt of desirable operation of this invention is explained, referring to a drawing. In addition, this invention is 
not limited to the operation gestalt and example which are explained below. Moreover, in drawing 1 thru/or drawing 3 , 
based on drawing 1 thru/or drawing 3 , this invention is applicable [ in order to explain the essence of this invention drawing 
simplified extremely is used but ] to the manufacture approach of the usual 3 group nitride system compound 
semiconductor element as explained below. 
[0013] 

[The gestalt of the 1 st operation] 

Drawing 1 is process drawing (sectional view) for explaining the gestalt of operation of the 1st of this invention. Two or 
more layers 3 group nitride system compound semiconductor layer is formed in 1 s of substrates, and a component 
configuration and electrode formation are performed to them. Although it is made to represent with two 3 group nitride 
system compound semiconductor layers 2n and 3p, by drawing 1 , this means the layer which must not be short-circuited, 
and does not mean only two-layer 3 group nitride system compound semiconductor layer by it. Next, the condition that only 
the electrode formative layer of the side near a substrate was left behind by the dicing by etching or the dicer etc. on the 
separation line is made ((a) of drawing 1 ). That is, Crevice A is formed. A separation line means the grid frame-like line at 
- the time of seeing the separation side (however, perpendicular to substrate 1s page) of the ideal for separating all 3 group 
nitride system compound semiconductor elements separately from 1s of substrates from a Is front-face [ of substrates ], 
or rear-face side here. Although considered as the condition of leaving only 2n only of electrode formative layers of the 
side near a substrate, in (a) of drawing 1 , of course, the dicing by etching or the dicer etc. may be performed until 1 s of 
substrates is exposed, or until it removes 1s of some substrates. Next, in order to prevent adhesion of the reactant of 1s of 
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substrates by laser etc., a protective coat 4 is formed in all front faces ((b) of drawing 1 ). In the case of formation of the 
separation slot 5 by laser scan, if a protective coat 4 cannot be easily fused in the part equivalent to which laser is not, and 
can be removed at a next process and it does not have a bad influence on the property of a semiconductor device, its thing 
of arbitration is usable. 
[0014] 

Next, the separation slot 5 is formed in 1s of substrates with laser ((c) of dra win g 1 ). The separation slot 5 is formed in the 
front-face side (side in which the component was formed) of 1 s of substrates, in the shape of a grid frame along with a grid 
frame-like separation line. The separation slot 5 is good to consider as the 1/5 or more-about depth of the thickness after 
carrying out the thinning of the 1s of the substrates by polish at a next process. In addition, what is necessary is to 
combine the thickness of 1s of substrates removed by that cause, and the depth deleted by laser scan, and just to consider 
as the 1/5 or more-about depth of the thickness after carrying out the thinning of the 1s of the substrates by polish at a 
next process, when performing the dicing by etching or the dicer etc. until it removes 1 s of some substrates. . Next, a 
protective coat 4 is removed with the reactant by laser ((d) of drawing 1 ). 
[0015] 

Next, 1s rear face of substrates is ground, and the thinning of the 1s of the substrates is carried out ((e) of d rawin g 1 ). 
Next, the rear-face slot 6 is formed in the location corresponding to the separation line of the shape of a grid frame of the 
rear face of 1s of substrates ((f) of drawing 1 ). What is necessary is just to form a shallow slot with a scriber etc. about the 
formation approach of the rear-face slot 6 unlike ******** 5. After [ this ] roller breaking etc. separates into each 
component along with a grid frame-like separation line. In this case, since the depth of the separation slot 5 is about [ of 1s 
of substrates which carried out thinning / 1/5 or more ], the separation side 7 becomes what connected the separation slot 
5 which certainly met the grid frame-like separation line, and the rear-face slot 6. That is, being divided in the direction 
which is not desirable as for the direction of slant etc. is prevented ((g) of drawing 1 ). 
[0016] 

[The gestalt of the 2nd operation] 

Drawing 2 is process drawing (sectional view) for explaining the gestalt of operation of the 2nd of this invention. The 
condition that only the electrode formative layer of the side near a substrate was left behind by the dicing by etching or the 
dicer etc. on the separation line like the gestalt of operation of the 1st of drawing 1 is made ((a) of dr awin g 2 ). In this case, 
of course [ until 1s of substrates is exposed, or until it removes 1s of some substrates ], the dicing by etching or the dicer 
etc. may be performed. Next, the protective coat 4 removable at a next process is formed in all front faces ((b) of drawing 

2 ). Next, with this operation gestalt, the 5d of the 1st slot of the 1/5 or more-about depth of the thickness of 1s of 
substrates is formed in the front-face side (side in which the component was formed) of 1 s of substrates, in the shape of a 
grid frame along with a grid frame-like separation line ((c) of drawing 2 ). Next, a protective coat 4 is removed with the 
reactant by laser ((d) of drawing 2 ). 

[0017] 

Next, the rear-face slot 6 is formed so that it may correspond to the separation line of the shape of a grid frame of the 
rear face of 1s of substrates ((e) of dr awing 2 ). The formation approach of the rear-face slot 6 should just form a shallow 
slot with a scriber etc. like the thing in the gestalt of the 1st operation. After [ this ] roller breaking etc. separates into 
each component along with a grid frame-like separation line. Since it is about [ that the depth of 5d of separation slots is 1 s 
of substrates / 1/5 or more ], the separation side 7 becomes what connected 5d of separation slots which certainly met 
the grid frame-like separation line, and the rear-face slot 6 ((f) of drawing 2 ). 
[001 8] 

[The gestalt of the 3rd operation] 

Drawing 3 is process drawing (sectional view) for explaining the gestalt of operation of the 3rd of this invention. The 
condition that only the electrode formative layer of the side near a substrate was left behind by the dicing by etching or the 
dicer etc. on the separation line like the gestalt of operation of the 2nd of dra win g 2 is made ((a) of drawing 3 ). In this case, 
of course [ until 1s of substrates is exposed, or until it removes 1s of some substrates ], the dicing by etching or the dicer 
etc. may be performed. Next, the protective coat 4 removable at a next process is formed in all front faces ((b) of drawing 

3 ). Next, the 5d of the 1st slot of the depth more than thickness extent after carrying out the thinning of the 1s of the 
substrates by polish at a next process is formed in the front-face side (side in which the component was formed) of 1 s of 
substrates, in the shape of a grid frame along with a grid frame-like separation line ((c) of drawing 3 ). Next, a protective 
coat 4 is removed with the reactant by laser ((d) of drawing 3 ). 

[0019] 

Next, the pressure sensitive adhesive sheet 8 of one sheet is stuck on the whole 1s front face of substrates, is turned over, 
1s rear face of substrates is ground, and the thinning of the 1s of the substrates is carried out ((e) of drawing 3 ). If the 
thinning of the 1s of the substrates is carried out and thinning is carried out to below the depth of the separation slot 5, 
each component is separable with the separation slot 5 which certainly met the grid frame-like separation line ((f) of 
drawi ng 3 ). 

[6626] [The 1 st example] 

Drawing 4 is process drawing (sectional view) for explaining the 1st concrete example of this invention in which the yield 
and component property of a crack and KAKE are evaluated and which went to accumulate. On silicon on sapphire 1 with a 
thickness of about 300 micrometers, the laminating of the 3 group nitride system compound semiconductor layer was 
carried out, and about 3000 blue LED components of pn double heterojunction were formed. It simplifies about the 
laminated structure of the component part concerned, and the sign 2 of 1 shows, there is no electrode **** — coming out, 
the total thickness of 3 group nitride system compound semiconductor layer is about 5 micrometers. First, the inside of 
each grid formed 10 micrometers of deepest parts, and the 1st slot A of 30 micrometers of **** by the dicer which uses a 
diamond blade along with the separation line of the shape of a grid frame used as the blue LED component of one s At this - 
time, about 5 micrometers of silicon on sapphire 1 were deleted in the deepest part B of the 1st slot A. 
[0021] 

Next, transparence resin 4 was applied all over the component forming face, and was stiffened. Next, using the 3rd higher 
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harmonic wave (wavelength of 355nm). of an YAG laser, the laser beam with a beam diameter of about 20 micrometers was 
irradiated along with the separation line, and the 2nd slot C deeper 10 more micrometers than the 1st slot A was formed. In 
this way, the separation slot 5 which deleted about 15 micrometers of silicon on sapphire 1 by the 1st slot A and the 2nd 
slot C was formed. Then, the rear face of silicon on sapphire 1 was ground, and the thinning of the silicon on sapphire 1 was 
carried out to 100 micrometers. Next, the separation slot 6 was formed in the rear face of silicon on sapphire 1 with the 
scriber. Then, silicon on sapphire was broken by roller breaking, and it separated into each blue LED component. Under the 
present circumstances, the defect-of-shape article (the so-called component crack, KAKE) by breaking silicon on sapphire 

1 itself is ten or less pieces, and each light emitting device did not have a difference in the blue LED component and 
component property which were separated without using laser. 

[0022] 

[The example 1 of a comparison] 

When a front face was made into scribing after grinding dicing and a rear face and also isolation was performed like the 1st 
example of the above without using laser, 100 or more defect-of-shape articles (the so-called component crack, KAKE) 
were produced. 
[0023] 

[The example 2 of a comparison] 

When dicing should be performed for the separation slot on surface only using laser and also isolation was performed like 
the 1st example of the above, there were few defectives (the so-called component crack, KAKE), and they were good. 
However, since the short circuit of p electrode side layer and n electrode side layer arose, also when it was any, the defect 
of a component property arose in large quantities. Moreover, the fundamental wave (1064nm) of an YAG laser, and in the 
case of about 15-micrometer beam diameter, the same result was obtained. 
[Brief Description of the Drawings] 

[Drawing 1] Process drawing for explaining the gestalt of operation of the 1st of this invention (sectional view). 
[Drawing 2] Process drawing for explaining the gestalt of operation of the 2nd of this invention (sectional view). 
[Drawing 3] Process drawing for explaining the gestalt of operation of the 3rd of this invention (sectional view). 
[Drawing 4] Process drawing for explaining the 1st concrete example of this invention (sectional view). 
[Description of Notations] 
11s Substrate 

2 3 Group Nitride System Compound Semiconductor Layer Which Carried Out Laminating 

2n The electrode formative layer near a substrate (3 group nitride system compound semiconductor layer) 
3p 3 group nitride system compound semiconductor layer 

4 Protective Coat 

5 5d Separation slot 

6 Rear-Face Slot 

7 Separation Side 

8 Pressure Sensitive Adhesive Sheet 
A A crevice or the 1st slot 

B The deepest part of the 1 st slot 
C The 2nd slot 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Process drawing for explaining the gestalt of operation of the 1 st of this invention (sectional view). 
[Drawing 2] Process drawing for explaining the gestalt of operation of the 2nd of this invention (sectional view). 
LPiawjng..3] Process drawing for explaining the gestalt of operation of the 3rd of this invention (sectional view). 
[Drawing 4] Process drawing for explaining the 1st concrete example of this invention (sectional view). 
[Description of Notations] 
11s Substrate 

2 3 Group Nitride System Compound Semiconductor Layer Which Carried Out Laminating 

2n The electrode formative layer near a substrate (3 group nitride system compound semiconductor layer) 

3p 3 group nitride system compound semiconductor layer 

4 Protective Coat 

5 5d Separation slot 

6 Rear-Face Slot 

7 Separation Side 

8 Pressure Sensitive Adhesive Sheet 
A A crevice or the 1st slot 

B The deepest part of the 1 st slot 
C The 2nd slot 
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